Co., St. Louis, Missouri, USA) and 0.8% HCl, as previously described [14] . Metacercariae were used to infect rats and mice and to prepare the metacercarial antigen. Three strains of mice (ICR, BALB/c, and C3H) were used for infection with N. seoulense. Mice were orally inoculated with 200 metacercariae in 0.2 ml of saline using a gavage needle. Then, 5-6 mice from experimental and control groups were killed every 7 days, and examined for immune responses. Blood was collected, and sera were separated and stored at -70℃ until use.
Immunosuppressed rats were infected with N. seoulense metacercariae and killed with an overdose of ether at day 14 postinfection (PI). Adult worms were recovered from the small intestines, and washed with saline. The soluble antigen mixture of adult worms was prepared by homogenizing worms in phosphate-buffered saline (PBS) using a glass-teflon homogenizer. After centrifugation at 10,000 rpm, supernatants were collected and stored at -80℃ until required. Soluble antigen concentrations were determined using the Lowry's method [15] .
Indirect ELISA was established for detecting specific IgG antibodies in the sera of N. seoulense-infected mice. In brief, the crude worm extract was diluted to a concentration of 10 μ g/ml in carbonate buffer (pH 9.6), and coated on 96-well microtiter plates. The mouse sera were diluted to 1 : 100 in PBS-0.05% Tween 20 (pH 7.4) and dispensed to the plates which were incubated for 2 hr at 37℃, followed by adding horseradish peroxidase-conjugated goat anti-mouse IgG (Caltag Lab., Burlingame, California, USA) diluted in 1 : 1,000. Color was developed by adding 0.01% o-phenylenediamine in 0.03% H2O2 in phosphate-citrate buffer (pH 5.0) and incubating for 30 min. Absorbances were measured at 492 nm using a microplate reader (Molecular Device EMax, Sunnyvale, California, USA), and the specific absorbance values of test samples were determined after subtracting the absorbance of serum-free wells.
The crude antigen of N. seoulense was separated using 7.5-15% polyacrylamide gradient gels under reducing conditions. The proteins resolved by SDS-PAGE were transferred onto a PVDF membrane, and reacted with the sera of N. seoulense-infected mice and negative controls in 1 : 100 dilution, followed by soaking with horseradish peroxidase-conjugated goat anti-mouseIgG diluted in 1 : 1,000. The final reactions were developed with 4-chloro-1-naphtol and H2O2.
The worm recoveries and optical densities of IgG for each group of mice were represented as their arithmetic means and standard deviations (SD). The statistical significance among the groups was tested by the Student's t-test. The values of P < 0.05 were considered significant.
On day 7 PI, the average worm recovery rates (WRRs) from ICR, BALB/c, and C3H mice were 39.9%, 29.5%, and 16.2%, respectively (Fig. 1) . The WRRs in ICR and BALB/c mice were significantly higher (P < 0.05) than those in C3H mice. After day 7 PI, the WRRs began to decrease in all mouse strains. On day 14 PI, the average WRRs from the 3 strains of mice were 38.8%, 25.5%, and 14.2%, respectively. The WRRs decreased to 29.4%, 24.8%, and 9.8% on day 21 PI, and further decreased to 26.2%, 20.1%, and 6.5%, respectively, on day 28 PI. The WRRs decreased visibly to 11.9% in ICR mice, and 17.0% in BALB/c mice on day 35 PI. However, all mice died in C3H mice before day 35 PI. Regarding ICR mice, the WRRs decreased until days 28 and 35 PI, which were significantly lower (P < 0.05) than the value on day 7 PI. However, there were no significant differences from day 7 PI to days 28 and 35 PI for the WRRs between BALB/c and C3H mice (P > 0.05).
The IgG antibodies against N. seoulense adults were detected in the sera of all infected mice on days 7, 14, 21, 28, and 35 PI (Fig. 2) . The absorbance values of IgG exhibited unique patterns through the course of infection in each mouse strain, ICR ( Fig. 2A) , BALB/c (Fig. 2B) , and C3H (Fig. 2C) . All 3 strains of mice developed intense responses of specific IgG antibodies against the N. seoulense adults (Fig. 2) . The antibody titers increased progressively over the course of infection to reach the maximum value on day 28 PI in 3 strains of mice, and thereafter the values steadily declined until day 35 PI in ICR and BALB/c mice. Statistically significant differences (P < 0.05), com- (Fig. 3A) . On immunoblot, 40, 54, 70-90, and 96 kDa bands of the crude antigen reacted with the sera from ICR, BALB/c, and partly C3H mice. The 96 kDa and 70-90 kDa proteins were the common and the earliest occurring bands among the 3 strains of mice on day 7 PI (Fig. 3B-D) . In immunoblot with sera from ICR mice, 30, 37, 43, 50, 60, and 100 kDa bands were observed from day 14 PI. On day 35 PI, most of the ICR mouse sera were reacted with 30, 37, 43, 50, 60, 67, 70-90, and 100 kDa antigens. With regard to BALB/c mice, the sera were reacted with 35, 37, 40, 54, 69, 70-90, and 96 kDa from day 14 PI. In C3H mice, 70-90 kDa and 96 kDa bands were observed from day 14 PI, and additionally 40 kDa and 52 kDa bands from day 21 PI.
The results obtained were helpful to gain further insight into the host-parasite relationships in N. seoulense infection. We studied the serum antibody kinetics and antigenic protein profiles in 3 strains of mice to examine the potential role of antibody responses in host-protective immunity in N. seoulense infections. All 3 strains of mice developed intense serological responses in the total specific IgG against N. seoulense crude antigen. The kinetics of the total specific IgG in the serum of mice was con- sistent with earlier studies on E. caproni infections [16] [17] [18] . Serum IgG responses were remarkably greater in mice than in rats probably in relation to a greater intestinal antigen uptake and higher local inflammation [19] . In E. caproni-infected mice, increases in both IgG1 and IgG2 subclasses were observed, which could reflect a balanced Th1/Th2 local response and worm expulsion appears to be related to an increase in local IgG2a levels [18] . Although IgG subclasses were not examined in our study, it is suggested that at least IgG1 and/or IgG2 may be involved in the high levels of the total serum IgG. Although little is known about the mechanisms operating in the natural definitive host of N. seoulense, cellular mechanisms could be of great importance in determining the course of infection. Circulating and secretory IgA responses have been related to expulsion of intestinal trematodes and protozoans [20, 21] . However, previous studies suggested that increases of IgA were not sufficient for worm rejection of N. seoulense and E. caproni [13, 18] . In N. seoulsense infection, specific serum IgA antibodies were shown to increase from day 7 to 28 PI, and local IgA reactions were observed in the mucosa and submucosa of the duodenum, though not directly related with worm expulsion. The infection in mice may be able to stimulate high and rapid IgA antibody responses at both systemic and local levels. The high levels of IgA could explain consequences of a dominance of Th2 responses observed in sera of mice.
A comparative study of N. seoulense infection in BALB/c and C3H reported that the WRRs from BALB/c mice were consistently and remarkably higher than those from C3H mice [10, 14] . The extent of mucosal mastocytosis, goblet cell hyperplasia, and mucin activation was remarkable in the duodenum of BALB/c mice than C3H mice. These previous results have suggested that intestinal mastocytosis and goblet cell hyperplasia are local immune responses, and they may play minor roles in the host defense and worm expulsion [10, 14] .
In the present study, all 3 strains of mice presented the highest WRRs at day 7 PI, and subsequently exhibited marked capacities to expel primary infections of the parasite, and the WRRs decreased rapidly after day 7 PI. In this context, the analysis of IgG antibody responses in the host may be of considerable interest. We could find that specific IgG antibody responses against N. seoulense infection progressively increased and reached a maximum at day 28 PI in 3 strains of mice. This agrees to the previous studies on the antibody responses in mice infected with E. caproni [11, 17, 22] . From our results, IgG titers of both ICR and BALB/c mice were remarkably higher than in C3H mice, and the correlation between the IgG titers and worm expulsion was high and many antigenic band profiles were observed in western blot data. In C3H mice, however, the mucosal and humoral immune responses were not effective for the host defense, and a lethal pathogenicity was caused by irreversible damages to their intestines [7] . Thus, further studies are required to clarify the pathogenesis of N. seoulense infection.
A cysteine proteinase, having the molecular weight of 54 kDa, was purified from the crude extract of N. seoulense adults [23] .
However, its precise role in eliciting pathogenicity to the host has not been elucidated. In the present study, a 54 kDa crude antigenic band was shown to react with mouse sera infected with N. seoulense from days 21 PI until the end of the experiment. This antigenic band might be an enzyme responsible for the host tissue lysis and penetration.
